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Data Storage, Retrieval and Data Base

Management Systems

Introduction to Number Systems

Number system

1. Binary Conversion

2. Octal Conversion

3. Hexadecimal conversion

4. BCD(Binary Coded Decimal) Conversion

Note: Discuss in the classroom.


ASCII Code: ASCII stands for American Standard Code for Information Interchange. ASCII code is used extensively in small computers, peripherals, instruments and communications devices. It has replaced many of the special codes that were previously used. It is a seven-bit code. The total 128 character set are used which include A-Z, a-z, 0-9, $ etc. an individual data is represented in 8 bits in which 7 bits represent data value and single bit is called Parity bit. Parity bit is mainly used to detect the error in the data value and also rectify it.
EBCDIC Code: EBCDIC stands for Extended BCD Interchange Code. It is the standard

character code for large computers. It is an 8-bit code without parity. With 8 bits up to 256 characters can be coded. EBCDIC has a wider range of control characters than ASCII. An individual character is represented in 9 bits coding. In which 8 bits represents data value and a single bit is called Parity bit. Parity bit is mainly used to detect the error in the data value and also rectify it.

The data value are divided into two portion Zone portin and Digit portion

Unicode: Unicode is a worldwide character code standard. In this code system, 16-bits

(2 bytes) are used to represent a single character or symbol. Using this code system, 65,536 different characters can be represented inside the computer. The first 256 codes in Unicode are identical to the 256 codes used by ASCII system.
What Is Data Processing

Data are a collection of facts - unorganized but able to be organized into useful information. Processing is a series of actions or operations that convert inputs into outputs. When we speak of data processing, the input is data, and the output is useful information. Hence, data processing is defined as series of actions or operations that converts data into useful information.
File Organizations: System designers choose to organize, access, and process records

and files in different ways depending on the type of application and the needs of users. The three commonly used file organizations used in business data processing applications aresequential, direct and indexed sequential organizations.
Serial File Organization: With serial file organization, records are arranged one after

another, in no particular order- other than, the chronological order in which records are added to the file. Serial organization is commonly found with transaction data, where records are created in a file in the order in which transactions take place. This type of file organization provides advantages like fast access to next record in sequence, cheap storage media and easy to do file back up facility. The updation can be done very slowly in this file organization.

Sequential File Organization: In a sequential file, records are stored one after

another in an ascending or descending order determined by the key field of the records. Sequentially organized files that are processed by computer systems are normally stored on storage media such as magnetic tape, punched paper tape, punched cards, or magnetic disks. To access these records, the computer must read the file in sequence from the beginning. The first record is read and processed first, then the second

record in the file sequence, and so on. To locate a particular record, the computer program must read in each record in sequence and compare its key field to the one that is needed. The retrieval search ends only when the desired key matches with the key field of the currently read record. On an average, about half the file has to be searched to retrieve the desired record from a sequential file.
Direct Access File Organization: Direct access file organization allows immediate

direct access to individual records on the file. In direct access file organization, the records are stored and retrieved using a relative record number, which gives the position of the record in the file. This type of organization also allows the file to be accessed sequentially.
Indexed-Sequential File Organization: The indexed sequential file organization or

indexed sequential access method (ISAM), is a hybrid between sequential and direct access file organizations. The records within the file are stored sequentially but direct access to individual records is possible through an index. The type of file organization is suitable for both batch processing and online processing. Here, the records are organized in sequence for efficient processing of large batch jobs and an index is used to speed up access to the records. Indexing permit access to selected records without searching the entire file.

Advantages of indexed sequential files

1. Permits the efficient and economical use of sequential processing techniques when the activity ratio is high.
2. Permits direct access processing of records in a relatively efficient way when the activity ratio is low.

Disadvantages of indexed sequential files

1. These files must be stored on a direct-access storage device. Hence, relatively

expensive hardware and software resources are required. 

2. Access to records may be slower than direct files.
3. Less efficient in the use of storage space than some other alternatives.

Random Access Method: In this method, transactions can be processed in any order and written at any location through the stored file. Records are stored on disk by using a hashing algorithm. The key field is fed through hashing algorithm and a relative address is created. This address gives the position on the disk where the record is to be stored. The desired records can be directly accessed using randomizing procedure or hashing without accessing all other records in the file.

The Best File Organization: Several factors must be considered in determining the

best file organization for a particular application. These factors are file volatility, file activity, file size, and file interrogation requirements.

1. File volatility: It refers to the number of additions and deletions to the file in a given period of time. An ISAM file would not be a good choice in this situation, since additions would have to be placed in the overflow area and constant reorganization of the file would have to occur. Other direct access methods would be better.
2. File activity: It is the proportion of master file records that are actually used or accessed in a given processing run. At one extreme is the real-time file where each transaction is processed immediately and hence at a time, only one master record is accessed. This situation obviously requires a direct access method.
3. File interrogation: It refers to the retrieval of information from a file. If the retrieval of individual records must be fast to support a real-time operation such as airline reservation then some kind of direct organization is required. If, on the other hand, requirements for data can be delayed, then all the individual requests or information can be batched and run in a single processing run with a sequential file organization.

4. File size: Large files that require many individual references to records with immediate response must be organized under some type of direct access method.

What is a DBMS? A DBMS is a set of software programs that controls the organization,

storage, management, and retrieval of data in a database. A data base is a repository for related collection of data.

Management Problems of File Processing: For many years, information systems had

a file processing orientation Data needed for each user application was stored in independent data files. Processing consisted of using separate computer programs that updated these independent data files and used them to produce the documents and reports required by each separate user application. This file processing approach is still being used, but it has several problems that limit its efficiency and effectiveness for end user applications.
1. Data Duplication: Independent data files include a lot of duplicated data; the same data (such as a customer’s name and address) is recorded and stored in several files. This data redundancy causes problems when data has to be updated, since separate file maintenance programs have to be developed and coordinated to ensure that each file is properly updated. Of course, this proves difficult in practice, so a lot of inconsistency occurs among data stored in separate files.


2. Lack of Data Integration: Having data in independent files makes it difficult to provide end users with information for ad hoc requests that require accessing data stored in several different files. Special computer programs have to be written to retrieve data from each independent file. This is difficult, time consuming, and expensive for the organizations.

3. Data Dependence: In file processing systems, major components of a system i.e., the organization of files, their physical locations on storage, hardware and the application software used to access those files depend on one another in significant ways. Thus, if changes are made in the format and structure of data and records in a file, changes have to be made in all the programs that use this file. This program maintenance effort is a major burden of file processing  systems. It is difficult to do it properly, and it results in a lot of inconsistency in the data files.
4. Data Integrity and Security: There are certain integrity constraint defined in DBMS to protect and unauthorized access to the data in the database. Whereas in file processing systems, such type of integrity constraint and security aspects are lacking. Also in file processing system, the integrity (i.e. the accuracy and completeness) of the data is suspected because there is no control over their use and maintenance by authorized end users.
The Database Management Solution: The concepts of databases and database

management were, therefore, developed to solve the problems of file processing systems. A database is an integrated collection of logically related records and files. It consolidates records previously stored in independent files so that it serves as a common pool of data to be accessed by many different application programs.

What is a DATABASE?

"A data base is a computer file system that uses a particular file organization to facilitate rapid updating of individual records, simultaneous updating of related records, easy access to all records, by all applications programs, and rapid access to all stored data which must be brought together for a particular routine report or inquiry or a special purpose report or inquiry."
Architecture of a Database Management System: It follows a three level architecture–

1. External or user view, 

2. Conceptual or global view,
3.  Physical or internal view.
External or user view encircles the following

1. It is at the highest level of the database abstraction 

2. It includes only those portion of database or application programs which is of concern to the users,
3. It is described by means of a scheme, called the external schema,

4. It is defined by the users or written by the programmers.

Global or conceptual view, which is viewed by the Data Base Administrator, encompasses the following –

1. All database entities and relationships among them are included,

2. Single view represents the entire database,

3. It is defined by the conceptual schema,

4. It describes all records, relationships and constraints or boundaries,

5. Data description to render it independent of the physical representation.

The physical or internal view contains the following –

1. It is at the lowest level of database abstraction,

2. It is closest to the physical storage method,

3. It indicates how data will be stored,

4. It describes data structure,

5. It describes access methods,

6. It is expressed by internal schema

Record relationship in Database:

1. One-to-one relationship, as in a single parent record to a single child record or as in a husband record and wife record in a monogamous society.

2. One-to-many relationships, as in a single parent record to two or more child records – for example, a teacher who teaches three single-section courses.

3. Many-to-one relationships, as in two or more parent records to a single child record-for example, when three administrators in a small town share one minister.

4. Many-to-many relationships, as in two or more parent records to two or more child records – for example, when two or more students are enrolled in two or more courses.

Database Structures

1. Hierarchical database structure

2. Network database structure

3. Relational database structure

Hierarchical Database Structure: In a hierarchical database structure, records are

logically organized into a hierarchy of relationships. A hierarchically structured database is arranged logically in an inverted tree pattern.
All records in hierarchy are called nodes. Each node is related to the others in a parent-child relationship. Each parent record may have one or more child records, but no child record may have more than one parent record. Thus, the hierarchical data structure implements one-to one and one-to-many relationships.

The top parent record in the hierarchy is called the root record. Entrance to this

hierarchy by the database management system is made through the root record i.e., building. Records that “own” other records are called parent records.

Features of Hierarchical Database

1. Hierarchically structured database are less flexible than other database structures.

2. Ad hoc queries made by managers that require different relationships other than that are already implemented in the database may be difficult or time consuming to accomplish.

3. Managerial use of query language to solve the problem may require multiple searches and prove to very time consuming.

4. On the plus side, a hierarchical database management system usually processes structured, day-to-day operational data rapidly.

5. Any group of records with a natural, hierarchical relationship to one another fits nicely within the structure. However, many records have relationships that are not hierarchical.

Network Database Structure: The network model is a variation on the hierarchical

model, to the extent that it is built on the concept of multiple branches (lower-level structures) emanating from one or more nodes (higher-level structures), while the model differs from the hierarchical model in that branches can be connected to multiple nodes. The network model is able to represent redundancy in data more efficiently than in the hierarchical model.

A network database structure views all records in sets. Each set is composed of an owner record and one or more member records. This is analogous to the hierarchy’s parent-children relationship. Thus, the network model implements the one-to-one and the one-to-many record structures.

Relational Database Model: A third database structure is the relational database mode.

Both the hierarchical and network data structures require explicit relationships, or links,

between records in the database. Both structures also require that data be processed one record at a time. The relational database structure departs from both these requirements.

A relational database allows the definition of data and their structures, storage and retrieval operations and integrity constraints that can be organized in a table structure. A table is a collection of records and each record in a table contains the same fields.

Three key terms are used extensively in relational database models: relations, attributes, and domains. A relation is a table with columns and rows. The named columns of the relation are called attributes, and the domain is the set of values the attributes are allowed to take.

All relations (and, thus, tables) in a relational database have to adhere to some basic rules to qualify as relations. First, the ordering of columns is immaterial in a table. Second, there can't be identical record in a table. And third, each record will contain a single value for each of its attributes.

Key:   It referred to the specific structure and components of a linked list, chain of pointers, or other physical locator outside of the data. A key is a set of one or more columns whose combined values are unique among all occurrences in a given table. A key is the relational means of specifying uniqueness.
1. Candidate Key: A Candidate key is any set of one or more columns whose combined values are unique among all occurrences (i.e., tuples or rows). Since a null value is not guaranteed to be unique, no component of a candidate key is allowed to be null.

2. Primary Key: The primary key of any table is any candidate key of that table which the database designer arbitrarily designates as "primary". The primary key may be selected for convenience, comprehension, performance, or any other reasons. It is entirely proper to change the selection of primary key to another candidate key.

3. Alternate Key: The alternate keys of any table are simply those candidate keys which are not currently selected as the primary key. An alternate key is a function of all candidate keys minus the primary key.

4. Secondary Key: Secondary keys can be defined for each table to optimize the data access. They can refer to any column combination and they help to prevent sequential scans over the table. Like the primary key, the secondary key can consist of multiple columns.

Database Components

1. Data Definition Language (DDL) :- It defines the conceptual schema providing a link between the logical (the way the user views the data) and physical (the way in which the data is stored physically) structures of the database. The logical structure of a database is a schema. A subschema is the way a specific application views the data from the database. They describe the schema and subschema, provide for logical and physical data independence.
2. Data Manipulation Language (DML): They provide the data manipulation techniques like deletion, modification, insertion, replacement, retrieval, sorting and display of data or records.  It facilitate use of relationships between the records.
Database Administrator:- A database administrator (DBA) is a person responsible for the design, implementation, maintenance and repair of an organization's database. They are also known by the titles Database Coordinator or Database Programmer. The role includes the development and design of database strategies, monitoring and improving database performance and capacity, and planning for future expansion requirements. They may also plan, co-ordinate and implement security measures to safeguard the database.
 The roles and the responsibilities of Database Administrator which are as follows.

1. DBA has the overall authority to establish and control data definitions and standards and also responsible for determining the relationships among data elements, and for designing the database security system to guard against unauthorised use.

2. DBA also trains and assists applications programmers in the use of database.

3. DBA may also identify the source of data and the person responsible for originating and updating of data. The database administrator then converts these requirements into a physical design that specifies hardware resources required for the purpose.

4. The DBA also monitors the database environments. They ensure that the standards for database performance are being met and the accuracy, integrity and security of data is being maintained.

5. Finally, The DBA is responsible for incorporating any enhancements into the database environment which may include new utility programs or new systems releases, and changes into internal procedures for using data base etc.

Types of Databases

1. Operational databases: These databases store detailed data needed to support the operations of the entire organization. They are also called subject area databases, transaction databases, and production databases. Examples are a customer database, personnel database, inventory database, and other databases containing data generated by business operations.

2. Management Database: These databases store data and information extracted from selected operational and external database. They consist of summarized data and information most needed by the organization’s managers and other end users. Management databases are also called information databases. These are the databases accessed by executive end-users as part of decision support systems and executive information systems to support managerial decision making.

3. Information Warehouse Databases: An information warehouse stores data from current and previous years. This is usually data that has been extracted from the various operational and management databases of an organization. It is a central source of data that has been standardized and integrated so that it can be used by managers and other end-user professionals throughout an organization.

4. End User Databases: These databases consist of a variety of data files developed by end users at their workstations.

5. External Databases: Access to external, privately owned online databases or data banks is available, for a fee, to end users and organizations from commercial information services. Data is available in the form of statistics on economic and demographic activity from statistical data banks.

6. Text Databases: Text databases are natural outgrowth of the use of computers to create and store documents electronically. Thus, online database services store bibliographic information such as publications in larger text databases. Text databases are also available on CD-ROM optical disks for use with microcomputer systems.

7. Image Databases: The main appeal of image database for business users are in document image processing. Thousands of pages of business documents, such as customer correspondence, purchase orders and invoices, as well as sales catalogues and service manuals, can be optically scanned and stored as document images on a single optical disk. Image database management software allows employees to hold millions of pages of document images. Workers can view and modify documents at their own workstations and electronically transfer them to the workstations of other end users in the organization.
Other Database Models
1. Distributed Database: When an organization follows a centralized system, its database is confined to a single location under the management of a single group. Sometimes an organization may require decentralizing its database by scattering it with computing resources to several locations so that running of applications programs and data processing are performed at more than one site. This is known as distributed data processing to facilitate savings in time and costs by concurrent running of application programs and data processing at various sites.

When processing is distributed since the data to be processed should be located at the processing site, the database needs to be distributed fully or partly, depending on the organizational requirements. There are two methodologies of distribution of a database. 

In a replicated database duplicates of data are provided to the sites so that the sites can have frequent access to the same data concurrently. But this method of replication is costly in terms of system resources and also maintaining the consistency of the data elements.

In a partitioned database the database is divided into parts or segments that are required and appropriate for the respective sites so that only those segments are distributed without costly replication of the entire data. A database can be partitioned along functional lines or geographical lines or hierarchically.
2. Entity-Relationship Model or Database:The entity is defined as a distinguishable object that exists in isolation and is described by a set of attributes. An entity may be a physical object such as a house or a car, an event such as a house sale or a car service, or a concept such as a customer transaction or order.

A relationship is the association among several entities.
3. Object Oriented Database: It is based on the concept that the world can be modeled in terms of objects and their interactions. Objects are entities conveying some meaning for us and possess certain attributes to characterize them and interacting with each other

An object-oriented database management system (OODBMS) helps programmers make objects created in a programming language behave as a database object. Object-oriented programming is based on a series of working objects. Each object is an independently functioning application or program, assigned with a specific task or role to perform. An objectoriented database management system is a relational database designed to manage all of these independent programs, using the data produced to quickly respond to requests for information by a larger application.

4. Client-server Database: It is designed in a structure in which one system can connect to another system to ask it question or instruct it to perform job. The system that asks the questions and issues the instructions is the client and the system answering the queries and responding to the instructions is the server. The client machine contains the user interface logic, business logic and the database logic and the server machine contains the database. Both are coupled with a network of high bandwidth. Whereas the user interface program or front end program is called the client, a back end program is called a server which interacts with share resources in an environment which can be based on heterogeneous hardware / software (Operating System) platforms of the client and the server and multi-vendor.
5. Knowledge Database: A database system provides functions to define, create, modify, delete and read data in a system. The type data maintained in a database system historically has been declarative data describing the static aspects of the real world objects and their associations.

Structured Query Language: A query language is a set of commands to create, update and access data from a database allowing users to raise adhoc queries / questions interactively without the help of programmers. Structured Query Language (SQL) is a computer programming language used to manipulate information in relational database management systems (RDBMS).
The SQL language is usually considered to have three parts: DML or data manipulation

language, DDL or data definition language, and DCL or data control language. DML consist of SELECT, UPDATE, INSERT, and DELETE statements. DDL is made up of CREATE and ALTER statements.

Backup and Recovery

'Backup' is a utility program used to make a copy of the contents of database files and log files. The database files consist of a database root file, log file, mirror log file, and other database files called dbspaces.

'Recovery' is a sequence of tasks performed to restore a database to some point-in-time.

Recovery is performed when either a hardware or media failure occurs. Hardware failure is a physical component failure in the machine, such as, a disk drive, controller card, or power supply. Media failure is the result of unexpected database error when processing data.

Transaction log:  A transaction log is a file that records database modifications. Database modifications consist of inserts, updates, deletes, commits, rollbacks, and database schema changes. A transaction log is not required but is recommended. The database engine uses a transaction log to apply any changes made between the most recent checkpoint and the system failure.

 Mirror log:  A mirror log is an optional file and has a file extension of .mlg. It is a copy of a transaction log and provides additional protection against the loss of data in the event the transaction log becomes unusable.

Types of Backup:-

1. Online Backup

2. Live Backup

3. Full Backup

4. Incremental Backup

Online Backup: An online database backup is performed by executing the command-line or from the 'Backup Database' utility. When an online backup process begins the database engine externalizes all cached data pages kept in memory to the database file(s) on disk. This process is called a checkpoint. The database engine continues recording activity in the transaction log file while the database is being backed up. The log file is backed up after the backup utility finishes backing up the database. The log file contains all of the transactions recorded since the last database backup.
Live Backup:- A live backup is carried out by using the BACKUP utility with the command-line option. A live backup provides a redundant copy of the transaction log for restart of your system on a secondary machine in the event the primary database server machine becomes unusable.

Full Backup:- a full backup, the database backup utility copies the database and log.

Incremental Backup:- An incremental backup uses the DBBACKUP utility to copy the transaction log file since the most recent full backup. When we perform an incremental backup the mirror log is not backed up. When we backup and rename the log files the transaction and mirror log file is renamed and new log files are created. We must plan to manually back up the mirror log.
Data Warehouse

A Data warehouse is a repository of an organization’s electronically stored data. Data warehouses are designed to facilitate reporting and supporting data analysis. The concept of data warehouses was introduced during the late 1980's. The concept was introduced to meet the growing demands for management information and analysis that could not be met by operational systems.
Data Transformation: The Data Transformation layer receives data from the data sources, cleans and standardizes it, and loads it into the data repository. This is often called "staging" data as data often passes through a temporary database whilst it is being transformed. This activity of transforming data can be performed either by manually created code or a specific type of software could be used called an Extract, Transform and Load (ETL) tool.

Metadata: Metadata, or "data about data", is used to inform operators and users of the data warehouse about its status and the information held within the data warehouse.

Advantages of using data warehouse:

1. Enhances end-user access to reports and analysis of information.

2. Increases data consistency.

3. Increases productivity and decreases computing costs.

Data Mining

Data mining is concerned with the analysis of data and picking out relevant information. It is the computer, which is responsible for finding the patterns by identifying the underlying rules and features in the data.
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